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1. Introduction 


The title of the symposium now being arranged, includes two 
concepts which some perhaps are not familiar with: Chemical 
climate and geomedicine. A short explanation will thus be 
convenient. 

Until recently, only physical factors were considered 
when climatic conditions were discussed. Temperature, 
amounts of precipitation, air humidity and wind were the main 
factors dealt with. Only recently have chemical differences 
attracted considerable attention. 

In the second half of the nineteenth century the supply 
of nitrogen compounds from the atmosphere to the soil 
received much attention. The determination of nitrate and 
ammonium contents in a large number of precipitation samples 
was carried out. Some scientists thought that too small 
quantities of the nutrient nitrogen could drastically limit 
world food production. When the industrial production of 
commercial fertilizers was a reality, the interest for 
supplies of nitrogen compounds from the air decreased. 

For a long time the possibility of going into details 
in many interesting questions of atmospheric chemistry was 
limited owing to insufficiency of analytical methods. 
However, after World War II methods have improved immensely. 
Many elements which earlier were recorded only as trace, can 


now be determined exactly. Both new results in research of 
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the physiology of plants and animals, and increasing interest 
in positive and negative effects of elements which occur in 
minute concentrations, have developed more or less simultane- 
ously. In relation to several geomedical questions the 
chemical climate has come into focus, 

Geomedicine is the science dealing with the influence of 
ordinary environmental factors on the geographical distri- 
bution of health problems in man and animals (Låg 1990). 
Natural processes cause great geographical cariations in the 
chemical climate, and human activities can also lead to 
comprehensive changes in the composition of air and preci- 
pitation. Geomedicine is a complicated science. A combi- 
nation of knowledge from medicine and natural sciences is 


often needed when geomedical problems require solutions. 


2. Attention to pollution 


The questions on pollution have become more and more in- 
sistent. Thorough chemical and medical investigations have 
proved that serious health problems are caused by pollution 
of air, water and soil. It is now clear that soil pollution 
often gives most long lasting effects. 

Poisoning effects from mining and connected industries 
have been known for a long time. Detailed knowledge was, 
however, modest, so often there are excuses for environmental 
pollution from such old enterprises. 

An important basis for detection of pollution is 
knowledge on ordinary natural conditions. The extent of 
human activities can, as a rule, first be stated when the 
original natural properties are known. It has been a rather 
common misunderstanding that pollution problems can be solved 
today without a knowledge of the results of previous natural 
processes. 
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Many different types of industry pollute the atmosphere, 
and the use of fossil fuels in homes brings contaminous 
matter to the air. Atmospheric pollution is a nuisance with 
serious health consequences in many large towns. A recently 
constructed word smog was introduced in connection with a 
special environmental illness in London. Contamination by 
radioactive compounds has a unique position. 

Global air and ocean currents transport pollutants over 
large distances. On many occasions, however, the contami- 
nation is of local character. 

Large amounts of the polluting matter in the atmosphere 
gradually come down and damage the soil. In exceptional 
cases such additions can have positive effects, e.g. supply 
of seleniun. 

Comprehensive investigations are carried out for 
elucidation of harmful effects of soil pollution coming 
through the atmosphere in different parts of the world. 
Relatively large grants are available for these purposes in 
many countries. However, astonishingly small efforts have 
been made to find the influence of different properties of 
the soil before the pollution started. 

As an example may be mentioned the relationship between 
acid precipitation and magnesium deficiency. We hear that a 
harmful effect of acid rain and snow is the leaching of 
magnesium and then a deficit of this element to the plants. 
Further, deficiency will also be transmitted higher up in the 
nutrition chain. However, the natural chemical climate can 
previously have created large geographical differences in the 
contents of readily soluble magnesium in the soil. 

In cold climates air pollution may give extra serious 
health damange (Chatchin 1990). 

Among important global pollution problems under investi- 
gation may be noticed the so-called greenhouse effect and 
eventual disturbance of the ozone layer in the atmosphere. 
Increasing activities both in agriculture and industry have 
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resulted in exhausting of nitrogen oxides, carbon oxides, 
methane and many other gases which may be harmful in this 


connection. 


3. Natural geographic variations 


During World War II some scientists at the Royal Agricultural 
College of Sweden started an investigation on the chemical 
composition of precipitation. The background for this 
research seems to be a need for exact figures for the supply 
of nutrients to the soil from the atmosphere. The variation 
of the precipitation climate is much more pronounced in 
Norway than in Sweden. In these two countries we have had 
good cooperation in agricultural research for a long time, 
and in 1954 three stations for collecting precipitation 
samples were established in Norway. In connection with the 
Geophysical Year 1957-1958 the sampling network was extended 
in Norway. A number of stations were set up around the 
world. In Norway we erected in all 12 sampling stations (Lag 
1963). 

The analytical results concerning the Norwegian samples 
showed very large geographical variations. E.g. samples 
from coastal stations had a much higher concentration of 
seasalts than the inland samples. 

A more occasional supply of matter comes from volcanic 
eruptions and from wind erosion on the soil surface. Here in 
Norway we have many reports of dust downfall, transported 
from Icelandic volcanos and from sandstorm in African 
deserts. 
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4. Influence of the chemical climate on composition of soils 
in Norway 


A long time ago some scientists pointed out that a few 
elements, e.g. iodine, may be transported from the oceans to 
the continents by air currents. Goldschmidt (1954) has given 
a logical explanation of such problems. 

When the figures for the Norwegian precipitation samples 
appeared, it was exciting to try to find out if there exists 
any relationship between chemical composition of precipi- 
tation and soil. A series of humus samples from forest soils 
in the county of Nord-Trøndelag was well fitted for such a 
comparison. It was then proved that the relative amounts of 
exchangeable sodium and magnesium decreased from the coast to 
the Swedish border (Lag 1962). Analyses of humus samples 
from the inland counties Oppland and Buskerud confirmed this 
general rule (Lag 1968). Similar distribution patterns were 
found for iodine, bromine and chlorine as for sodium and 
magnesium (Lag & Steinnes 1972, 1976). Somewhat astonishing 
was to find a similar distribution for the element selenium 
(Lag & Steinnes 1974, 1978, Wu & Låg 1988). 

Very large amounts of seasalts have been transported to 
the soil in coastal areas in postglacial times. For instance 
at the station Lista, in southwest Norway, the soil surface 
has in this period received a total amount of sodium and 
chlorine together which is larger than the mass of the plough 
layer. At the fjord stations Stend, Gjermundnes and yYtteroy 
the amounts of sodium chlorine account for, at an estimate, 
20-30 $ of a normal plough layer. 

Activities of mankind have resulted in atmospheric 
changes. At many places the soil has, as mentioned, received 
considerable amounts of pollutants from local sources. By 
global air currents atmospheric pollution can be spread over 
very large areas. Investigations of the distribution of 
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radioactive pollutants and acid precipitation have demon- 
strated such situations again and again. 

The supply of selenium to man and animals has been 
mentioned in connection with harmful effects of acid precipi- 
tation. Increasing sulphur content and decreasing pH may 
result in a difficult selenium supply situation. However, 
the air currents which bring acid rain and snow, also 
transport some selenium (Lag & Steinnes 1978, Steinnes 1984). 

A rapidly increasing number of examples of special 
effects of movement of matter in the atmosphere can, in all 
likelihood, be presented when investigations of these types 
of problems have come still further. Still it is only a 
relatively short period since research on chemical climato- 
logy started. 


5. Some well-known examples of geomedical consequences of 
chemical climate 


Goitre caused by iodine deficiency is often mentioned as a 
typical geomedical example. Bone disease owing to fluorine 
poisoning are another. Such damages have often been found in 
Norway close to aluminium factories. Natural fluorine 
poisoning occurs in surroundings of volcanos, e.g. in Iceland 
and Africa. In other regions fluorine deficiency causes 
dental caries. Muscular degeneration due to selenium 
deficiency is a well-known example in animal husbandry in 
Fennoscandia. 

The necessity of selenium in animal nutrition was stated 
35 years ago (Schwarz & Foltz 1957), and this knowledge was 
rapidly applied in animal husbandry. Norwegian veterinarians 
used selenium compounds to prevent muscular dystrophy, 
especially in lambs in inland districts. According to an 
official statement a selenium compound was mixed in concen- 
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trated feed for animals, at first for sheep and later also 
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for other animals. When the results from the first investi- 
gation on selenium in Norwegian soils were clear in 1974, it 
was easy to understand that the deficiency had been parti- 
cularly felt in the dry inland regions northern Gudbrandsdal 
and northern Østerdal. Sheep is an animal species which to a 
great extent is fed on matter grown in the same area. 

In human medicine theories have been forwarded about 
selenium deficiency causing vascular/heart diseases and 
special types of cancer. The so-called Keshan disease in 
China can be prevented by the use of selenium preparates. 
Soils and plants in Fennoscandia are generally speaking poor 
in selenium, but Norway has, as mentioned, a somewhat higher 
content in coastal areas. In Finland they have added 
selenium to commercial fertilizers in order to increase the 
concentration in the plants. 

Recently magnesium in nutrition has received great 
attention. Magnesium deficiency is supposed to be the reason 
for occurrences of heart diseases in some cases. That too 
small concentrations of magnesium can cause so-called grass 
tetany has long been known in Norwegian animal husbandry. 
Unfavourable fertilizing routines often resulted in this 
situation. A supply of magnesium through precipitation can 
have some effects. In an experimental farm on Smøla, an 
island on the western part of Norway, most of the nutrients 
except magnesium are deficient. The precipitation brings 
sufficient amounts of this element to the plants here (Låg 
1990). 

Large differences of other elements in the precipitation 
also have biological consequences, but many important 
questions are not yet elucidated. As an interesting example 
the increasing attention to the ratio of potassium to sodium 
when hypertension and cancer problems are discussed may be 
mentioned (Jansson 1991). 
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A number of other diseases with interesting geographical 
patterns may have connection to the chemical climate. But 
comprehensive research work is often necessary if a con- 
clusion shall be obtained. 


6. Asthma and other allergic sufferings 


The composition of the atmosphere interferes in several ways 
on allergic illnesses. Health effects of e.g. high mountain 
climates and oceanic climates have been pointed out. 

Concerning many of the allergic complaints the causal 
relationships are uncertain or unknown, but on other occasi- 
ons it has been stated which factors are of importance. 

Some areas are supposed to be particularly beneficial 
for asthma patients, but it has not always been easy to 
present figures for the interfering factors. 


7. Influence of electrical charges and ultraviolet radiation 


Electrical discharges in the atmosphere result in some degree 
to formations of nitrogen oxides. These processes can have a 
certain positive effect on plant nutrition. 

We hear that man and animals have been "feeling under 
the weather", but without specifying the illnesses or the 
factors supposed to be the causes. 

Recently a theory has been forwarded telling that high 
voltage cables may cause health problems in the population 
who live in the vicinity. 

The radiation climate interferes in many important 
biochemical processes. We may e.g. remember the influence of 
ultraviolet radiation on formation of vitamin D and develop- 
ment of skin cancer. A disturbance in the ozone layer in the 
atmosphere is a factor to be aware of in this connection. 
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8. Need of further research 


The investigations on chemical climate have been carried out 
over a relatively short time, and a huge number of questions 
are not yet answered. We need much more numerical material 
showing the chemical composition of precipitation in differ- 
ent districts. In addition to the matter determined up to 
now, some more elements and compounds should be taken into 
account. Now it is possible to determine exactly the amounts 
of many more trace elements than before. Some organic 
compounds should also be included in order to be better 
equipped to solve pollution problems. 

Unfortunately many of the Norwegian sampling stations 
established in the 1950’s and early in the 1960’s were 
discontinued. The possibility of obtaining long-lasting 
continuing observation series was then wasted. Sampling at 
some of the most interesting places ought to be started 
again. 

The elements boron and arsenic have recently gained some 
attention in connection with human nutrition. For a long 
time it has been known that marine sediments are compara- 
tively rich in boron. We would like to have more exact 
knowledge on the supply of boron to the soils through the 
precipitation. Accumulation of arsenic and some other 
elements in maritime processes seems interesting, and the 
circulations should be studied intensively. 

The geographical patterns of certain types of cancer, 
vascular/heart diseases, multiple sclerosis and some other 
illnesses may have relations to chemical climate. However, 
thorough investigations are needed to answer these questions. 

In "old days" the precipitation was supposed to be 
nearly as clean as distilled water. But it is now clear that 
minute drops are brought from the ocean up into the atmos- 
phere and later follow rain and snow down to the soil 
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surface. Many elements are accumulated in the ocean. Better 
knowledge on the processes in soil, water and air are 
required in this connection. 

Use of freshwater for agricultural irrigation has in 
certain areas changed the circulation processes. A drastic 
example is the lowering of the water table of lake Aral, east 
of the Caspian Sea, followed by soil erosion. In this 
connection we may remember that wind erosion has destroyed 
large areas of fertile soils in America after cultivation. 

In all likelihood some more elements will in the future 
receive attention as nutrients or toxic substances. We ought 
to notice that the nutritional value and toxic effects, 
respectively, cf selenium and cadmium first came into focus 
35 years ago. 

Relationships between chemical composition of precipi- 
tation and of soil and plants should be investigated more 
closely. It would also be advisable to know more about 
possible transportation of matter directly through the air, 
independent of precipitation. 

Processes in the soil leading to fixation and liberation 
of matter brought from the atmosphere, deserve more attent- 
ion. The matter coming through the air is probably more 
easily available for the plant roots than most of the former 
components of the soil. Direct uptake through the leaves of 
the plants should also be studied more thoroughly. 

Some curious geographical distribution patterns of 
plants and wild animals may be explained on the basis of 
chemical climates. Specific allergic complaints may have 
connection with the chemistry of the atmosphere. 

Atmospheric pollution causing changes in temperature and 
radiation should be studied seriously. 

Prophylaxis will be followed by close attention in the 
future. In this connection effects of comparatively small 
differences e.g. in the chemical climate may be of import- 
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ance. In order to have a better basis of preventive medical 
activities more comprehensive investigations of chronic 
illnesses should be carried out. 

When chemical differences of soils are discussed, 
bedrock and Quaternary geology are frequent starting points. 
Ordinary climatic factors are often considered when there is 
a question on the transportation of soluble matter in soil 
profiles. However, examples mentioned above have shown that 
important differences are due to the chemical climate. In 
this relationship we have to take into account the relatively 
short period that has passed since attention was drawn to the 
chemistry of the climatology. It seems desirable to in- 
tensify research on connections between chemical climate and 
health problems in man and animals. 


Summary 


The history of chemical climatology is relatively short. 
After World War II immense progress in methodology for 
chemical determinations gave a basis for detection of the 
presence of interesting differences in the chemical climate. 
It was stated beforehand that several so-called trace 
elements were very important in many biological processes. 
The influence of greenhouse effects and reduction of the 
ozone layer in the atmosphere are being discussed anxiously. 
The questions on pollution have grown more and more in- 
sistent. 

In 1962 Norwegian soil investigations showed that the 
relative content of magnesium and sodium in the humus layer 
of forest soils decreased with increasing distance from the 
ocean. In 1974 a similar distribution pattern for selenium 
as for magnesium and sodium and also for iodine was shown. 


Earlier veterinarians had used selenium compounds as a 
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remedy for muscular dystrophy, especially in dry inland 
regions in Norway. 

There exist interesting geographical differences in the 
supply through the atmosphere of several other elements. 
Local pollution is important in many places. More compre- 
hensive investigations on distribution, circulation processes 
and possible biological consequences ought to be carried out. 
Organic as well as inorganic matter should be studied. 
Certain selenium compounds and some organic carcinogens are 
volatile and therefore found in the atmosphere. 

The postglacial time is a short geological period. 

Where the bedrock is poor in selenium, as in Fennoscandia, 
the soils also have low concentrations because of the short 
time for selenium to be supplied through the air. Similar 
conditions can occur outside the glaciated areas, e.g. 
because of rapid erosion. Similar modes of reasoning can be 
used for iodine. 

Volcanic eruptions and wind erosion of soil surfaces 
supply the atmosphere with some matter. 

Different components in the air can result in asthma and 
other allergic disturbances. On many occasions the causal 
relationships are not yet stated. Electrical discharges can 
lead to certain chemical changes in the atmosphere. 

Continued research will obviously bring to light more of 
interesting relations between chemical climate and geo- 
medicine. 
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